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i^Sl-Al (chlorophyll) ^eflcflAHl ^o^^>f^ ^ 

2 
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k s c> 



A]^ i^^^l^ {A Novel STAY-GREEN Gene} 



1-^ ^# i^si-A] ^^>^ (wild-type) 7fl^flvf uj^ej-o} ^z^^s.^ ^^7]^^ 

^'=>]^ , 'i"^> ^l-fi" ol-^:)s^^l-o^ oi iLSl-# 

^ ^S}# ^^yi ^oli^. 

41, 01 o} ^^^Yf ^ ^ofl -t:>§#o] standard^ ol-g-^j-o^ HPLC# -i-ofl 
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j2. ^^*> M-^^dJ Chi a ^ Chi ^>^> chlorophyll a ^ 

chlorophyll b-l" M-E^-i^JZ, Chlide a^ chl orophyl 1 i de a# uj-^l-i^D^, Pheo a^ 
pheophobide a-§- 

^ ^, ^^^fl (chloroplast) -2] ^ el-^o] ;^tiH (thy 1 akoi d membrane) ofl «-^>:e] 

# "S-n-^}^ LHCP I (light-harvesting chlorophyll a/6-binding protein I) ^ LHCP 

11^ subunit "^^rii-l- ?]"-n-^>^l Dl , psa A/B ^ A>ol:£3^ 

^ ^, ^^^fl^ ^5fl^^# ^^l-^^>^Bl:g (TEM)^^ ^4^t> ^>^oli:q-. ^ 

Si 9^ 4^, ^^^1^ i^ol^^l^ -Hl^l- M^^yi ^olD^, ^^^^S] 9^ ^4^^ 

711^^1^ M-^yi ^oli^. ^ol^fl^ ^flioll^H ^511 7> o}^ ^^^^1 

^ Wst^ojH^^^^, ^1-^ C°] LilS-^^rf^ ^tfl?]- 

^ ^l?^oi ^o^q- ^>y-^ 5^;;? -^^;^H1'M ^^^1^ -n-^^l-s ^ol7> ^t>|u+ H. 
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:£ 11^ ^^^^ ^^^^-^^^l-^ ^^l^H^ m ol^-^t-i ol-nli^A} 
signal peptide^^^l- -^^^l"!^ -n-^^*>^ SGF ^o] 

^^7.\S] o\u]}^^ T^o] M-El-yi ^oju}. 

ol-^^E^ Al^>^ ^7H1 TTl-e]- ^-A>^ ^^^--^^^m ^^^^^ ^# L4El-\fl 

e-benzylaminopurine (6-BA)^ ^^5^*l-o^ ^l^^- ^^fl^l^ ^ , ^ ^^^^ SGF 

^°o^23J: (2 Sljol) ^ ol^# iitifloflAH Fi hybrid ^#^11(3 ^Ho])^ 7]]^ 

5[ °1 1^ . (*) ^ identical amino acid-§- M-&|-uf|j7, (+) ^ similar amino acid-§- M-E^ 

i^Ti^, ( )^ identical ^^(region)#, (— ) ^ similar M-El-\fli:+. 

:£ 16^ ofl7l^>tfl §1 (mature leaf)# ^^^e]- 0(i:fl^^). 1. 3. 6 ^ 9^^> 

o>^^£^ 6^1-0^ RNAl- ofl7l^>i:fl°l At4g229202f At4gll910 -n-^^l--^^ "S^lAl^^^t-i 

7^]^^ primer# oj-g-^}©^ RT-PCR# M-^^l ^ o] 1^ . 
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<17> (chlorophyll) ^eflcflXHl ^o^*>o^ 

<i8> ^^1^^ ^^^^cHl^H T]>^1^^ ^^i^S]-^ ^^^^ ^5fl 

oil o]5fl oio] v^^i ^ ^ sii^. vs]^^ mm^ ^ 

7^1^ (stay-green) ' ' ^S]- (non-yel 1 owing) ' o] ^^l] 5^- J7 ^TZ\ _ 

^S. ^^^tq- (Thomas. H. & Howarth C.J., /. Exp. Bot.. 51:329-37. 2000). 

Al^^slM- Hs^ji. iLS]-oii TEi-# ^tj-^ :e 

^> HsiTii ^^5^1^. >y-7i 7>^i ^Bfl^ ^^o] o^-^^ ^t]-^ a^ol 
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tfl^^^ ^711 -^^IS]^ ^oll 7lol?> "71^^ ^AH^l^^ (functional stay-green)' 
1^ o] o] r\ . 

<20> ^^^1^^^ ^5flAl?l^ ^^o]] 

^] "^1^1^^ ^^^1^^ (nonfunctional stay-green) ' "S^S^ ^^^1^^ 

(cosmetic stay-green) ' S^-Jl ^^^1^-^^ ^^olM" ^^ofl £] 

<2i> aH-i:^^, ^1^^ ^^^1^^ (A^^ B^)^ ^^01 o]^^ ^°>oii:£ ^^^i^J^^ 

^^o] -2.^11 ^^]^^]^ ^fl^fl^ 
<22> ^i-s^V^o^ ^#01 Festuca pratensis^ ^^^1^ i^ol^^l^ ^JS]^, >lli^>^, 

A^S^-^V^ ^ -^^^ ^^ol ol^l ^Mfl*>^l iJl^ y]- Sit+ (Thomas, H. , Planta, 
137:53-60, 1977: Thomas, H., Planta, 154:212-8, 1982: Thomas, H. , Theor . Appl. 
Genet., 73:551-5, 1987; Thomas, H. &Matile, P., Pytochemistry 21 .^AZ-Q , 
1988). Festuca pratensis^ ^^^1^^^ 2-^ ^°3^ol^> 

SlS^^TJ^, n ' sid' Sl-^ 1^^^ ^^-n-^^Hl ^crfl ^^^ct. 

<23> tfl^ (soybean) oil A] ^7^-% ^^7\^ % ^^AA^A 
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dld2^ -n-^^>^! cyt(P^ ^ sfl ^^S]^ ^^^^ ^ S^l^ (Guiamet, 

J.J. et al.. Plant Cel 1 Physiol . , 31:1123-30, 1990). -T-^-n-^^>?] 

G_dldld2d2^ . ^ ^ afl^ ^^tpi^. ^ 

ol ^1^-^ b^^y\ ^^JS]^ T:fl:^ S^oflAl chlorophyll IM chlorophyll a^"^ 

^ T^iifl^o] ^ofll- ^lo^A]?!^ ^^^^^ (Guiamet. J.J. er 

al.. Plant Physiol., 96:227-31, 1991; Guiamet, J.J. et al.. . 96:655-61, 1996). 
<24> ^^^^ {Phaseolus vulgaris) w# Red Mexi canol] ^ oio^ h^^^ ^^4: 

^ 'y^ol ^>4:*>o^ %S1- (yellowing) 71- ^ M"^ i^>i^ , ^^^1^^ ^^?] AlamooH^H^ 

iLS]-Al ^^^71- 711^ i^o]- oicq-^ :iJZ7> Sii^ (Bachmann, A. et al.. New 
Phytol. 126:593-600, 1994). ^1 ^S]- ^^\^ ^^^^ chl orophyl 1 ase ^ ^ 

AVojoio^B^^ ^crfl-y^^ % pheophobide a^ ^ ^l"^ 7fl^^l°l 

^ Uj^S]- i^oj^^l^ i^Sl-oi olrqollAl:^ e>S^i=+. aS-IM", chl orophyl lide a 

^ M ^^1^^ 711^^1:^.1:+ ui%s]- i^oi^^iHUH Dl ^711 oi^^ i^oi^^il oi 

^ i^sl-^^oll^^ chlorophyll ide°1 ^^11 71" ^#^1 ol^a|;^l;^l e>^i:+^ ^# M-Bl-ifl 

, ol-nl-:£ yl%2l^ ^ol^^l^ Mg-dechelatase ofl :if]-ol oi^ ^^^1^+ 

(Fang, Z. a/., /. Exp. Bot . . 49:503-510, 1988). 
<25> cfl:- ^ Festuca pratensis ^^^1^^ ol ^^1 a-1 ^AH^j^^gol M-^M"^ 

^5ll^l"-g- phaeophobide 
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a oxygenase (PaO)°l #^0] ^ ofl 7lol?>i:+J7 iJlSlS^^M", ofl 7] ^Vcfl ofl 

PaO 5:4:^1 ^o] acdl {Arabidopsis-acce lerated ce 1 1 death 1) ^^^^oj^^]^ ^ 

^^7.]^ T^oj^fl s^^^ ^^^i ^ti o^^-i :s.jz#oi gio^^o^ 

^^lt>i^^ ^# lltl «1- SJi^ CCha, K.W. al., Theor . Appl. Genet., 
104:526-32, 2002). a^-iM" o] s^r ^1 -n-^ ^1"^ ^ (wi 1 d-type) ^^A^ ^ ?1 

o>-^77>;^l e>sii^. 

<26> ojoll^ T^^^>#^ i^AH^]^^ ^^^^o] 9H1 ^^^^l^>ol -^^^1-^ ^ 

^> 91^1 ^^^^1 ^i-oiiA-i 010^ ^^fl^ ^fl^^ ^isx--^^ 

^>5} ^>7l -^^^1-^ (recessive mutat i on) 7]- ^ u+ ^ah^]^ ^^j. o] 

l-oiT^o] ^l:£7l^^^i^ (map-based cloning)^^ , ^#^1 

<27> ^^-^ i^Sl-Al ^oflTZflAHl ^f^^l-ol ^Sl-l- -n-^^^>^ ^fl^^ 
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<29> ^^s] ^ 51^^ -^^-^>51 qi x] >| q- , >y-7l 56^*-^^ 

-^Hl ^*fl ^^^^ ^^Sl- A] ^# -^^^^ ^ol ^ 

51~207-S] oj-DliL^ >| s (conserved amino acid sequence region) 75% 

<32> :^t>, ^>7l SGF ^OIA]?!^ ^# ^^^^ ^^^1^^ 

1^ o] ^ ^^^1 >11 ^wj-^ # Ail ^?>1^ . ^ oil ol . A>7l ^^X' -n-^ Al ^ HI :^ 

2°] o\u]}^^ Al<i # 51~207°1 oj-nlv^ Al ^ ^ 75% o]^S] j^^j^^ 
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51-207°] oj-nji^AV ^ 75% o]^s] a>s.^^ ^j-^l ^ oj-uli^^Al- 

2. >«H ^1^1:5: 5, 6 7-5] oj-Dji^Ai- ^1-^1^ #s]3gj 
<37> 1^^^ %si-7i- ^t>|ul-^ -^^oil^H 
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SGF ^^7}7} ^^^>^ ^^m^ Ai^i^ ^# ^^7]^^ ^o] 

^H^^:^: 2°] o\Ti]}^^^ ^ 5i~207^ o>T]ii3^>y- 75% o] 

^^O] %S}Al?l^l o>ji ^AHo^^ o.^|^|^|^ ^1^^ ^^^^^ ^ 

<40> _ ^Ajo^lollX^^ ^^^i ^efltflAHl 56^--^^ 

tfl^fl/Hi^v 7i#^>jz >y-7i 
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-^^^m ^^^1-^ :^AH^1^^ T^o] ^il^^l-^ ^ 

<41> ^A]d\] 1: MNU (N-methyl-N-nitrosourea) ^1 # i^-^fly^l^ ^ o] ^1 

<42> ^AjolloflA-l^ B^^^ol S}^4>B^°1 ^^^oll MNU mutagen# ^1 ^> 

i^>5fl7^1^ i^oj^^l (stay-green mutant)# -n-^^^l"^!^. 
<43> 7.\^U^} sl-^#B^oll MNUl- ^^5^?> Ml o> 1.500 ?fl^fl# Ml ^^^^1^ 

Of 30,000711^11 °1 M2 ^^*> ol# 5l1-^^>o^ M2 ^^^^ll- ^o^x^ 

ol^>ol o^^ :^o\]^ ^^Jjg^ L+El-vfl^ ^^^1^ ^ol^fl# "^^M. 

2k) . 

<AA> olAi-ol o1^:=-o> -^A>^ B^^ iLS]-7> -^:£S]o1 ^^^^^ iL^Tll i^^V 

^>^. i^AH^]^ l^Ol^^l^ Ol^^l ^^^^ y-0> SiSil^ (:£ 2B) . ^fl^t> 

2^7> oi-^:]e^ (dark treatment) e>o^ bo.^m ^^^^ ^H-^^ 4^71 i^ol^^lo^ oi o. 

^1 Si^^l , 9'^^> ^^^^^oIl^H (dark- induced senescence) ^j-i^ , ^1"^^ V 

2]- (natural senescence) A] ^0]^ S^^C^ 2B) i^- ^^?> M"^^!^ 2C) . 
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<46> 



^AH^l^ T^Ol^^ll B^^ ^>^>, OjAl-^Ol, Oj-Al--^ OjAl-T^ ^S^^. 

#^1-^ ^^'i . s^^^oii cfl^i-o^ ^'fl^^i^ n 
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<48> ^^^1^ ^Ol^^l^ ^^^S nnMM #^4^ OjAVo] O^-^^ ^0> Oloj Tj-S^-oll uq- 

^ ^:£^Sl-# ^A>*>^ut (:£ 3). ^^4:^ 80% o>^^ls.o^^ 

1^^^^ , ^ol^fl^ ^flS]- 50^0] 7]}J[, ^^'^]7\ i^e^^ 

^O]^ ^A_H^ o.;^|^^^T-^ 

48-15 



<49> ^o]?gi] oio^ LI -6400 (Li -Cor, USA) 717]^, LED ^ 

^# 1,000 -mo 1 e -111-2 -s-l^ JL^i\o] ZS-CoH^H ^^^j-^iz}. ^^fV ^ ^ o] ^> 

Hl-^ig^>o^ a^^-^># n^*>Jl, Fisher^ LSD# ^>-8-*l-o^ «ljil*>^i^ 4). 

^^^^ ol^>ol o^^^ ^o} SJo] ^^^^ i^^S]^ 

single recessive gene) ^ -^^^tJ^ 9^ ^^^^1 ^ ^1 t>l^^ ^# 

y> (Cha, K.W. et aL, Theor . Appl. Genet., 104:526-32, 2002). 

<52> Al^ }^^^\ ^5fl7> "^^11^^ ^^^1^ sgr ^^^fl^>°] ^ 

^^o>i^^l ^tl- -^^-^>-^lS ^>^-g- F2 T?>#7l ^*>o^, ^>^M?>oi A>7i 

^AH^l^ T^oj^fl^ -i-^B^ ^^^^ ^«J23:£ (oitq?!-^ ^l-^Mno] 7i 

^ olrq?}^] -^^^ ^1-^)^ jil^^^>o^ ^ Fl hybrid ^ 3057fl^11°l Fs^ 

oioflA-l:«E-1 711^ DNA# ^S^^^^i^. 
<53> nl-7l# v^l-g-*> -^^^1- ^^^^oll ^5fl s^T- 1^ o] °-^^l-7l- 9^1 ^^^^1 ^ 

oil ^;^fl^>^ Dn-l{Dense panicl^D^^A^ 25%^ ;^fl^tJ-#^ °!^^c>1 3X%% 
i^SJl^. 9^ "9 ^ ^11 -^l-oll ^^fl^l-^ ^^1- nl-7l# ^ tllolE^^mlol^ (RiceGenes, USA: 
http://genome.cornell.edu/rice ^ Rice Genome Research Program, Japan: 
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http: //rgp. dna.affrc.go.jp) :^^t^\o^ sgr ^o]°.^7} ^^]o\] ^^^> 

^tfl^j-o^ mapping *1-SJt^. 
<54> ^aht^]^ ^ol^^l^ ^^^^^ 'U°<}23^ A>ololl RM1602f RM189S] ^7]\9] 

SSR (simple sequence repeat) 13 j-?! 7]- 0.1kbi|- 0.13kb^ polymorphic band§ 1-4 

^fl^ STS (sequence fagged site)^] T4^ , ^^^^1^ ^^l^^l^l^^^ 

polymorphism^ -n-§-^>^tq-. 
<55> gHj ^AH^:]] A>o11 Si^ RFLP i]>^§ i^AH^]^ o] ^^1 ^ ^^^23:5:^ ^Ife DNA^oll 

^iltlS^ioll ^sfl polymorphism# JS-O]^ RG662 (Z^ral) , RG570 (^coRV) , C1263 (Z?ral) 
^ C985 (^coRDl- H^H^ ^l-o^ 305 ^fl^^l^ Fg^ 71]^ DNA# ^^^j-o^ SGF ^o] °- 
^^>°] L+E^i^^ 5). 

<56> MAPMAKER/EXP 3.0 (Lander. E.S. a/.. Genomics. 1:174-81, 1987) # Al-g-e>o^ 

^1^>^> 9^ RG662 C985 n]-?! Aj-olofl^^ i^ol-n-^^} 

3] ^^17> ^>^> 1.8cMl4 2.1cMololi^ (Cha, K.W. et a/., Theor . Appl. Genet., 
104:526-32, 2002) . 

<58> ^5fli:flA>o11 ^^^^^ ^o^^l-^ tH>y^ol Ji-^ol chlorophyllase, 

Mg-dechel atase ^ pheophobide 
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a oxgenase (PaO)^ i^S]-?!- ^ *5 ^ gloflxH -^^1 fe^ ^^^^1^. ^J"^^ 0 

yj^S]- T^oj^fl^ iLS]-§io11^H ^^>^o11 yj^fl chlorophyllide?]- ^^^B.^, o] ^ 

Mg-dechelatase^ ^l^ol ^^S]-^ i^oj^^l^ ^^E]tj^, a1-s^>§ Festuca 

pratensis^ «1 ^S]- T^oj^fl^ PaO o] PaO 7]^^^ ^ 

7l^ofS^ i^ol^fl^ ^^slc^jl :a.j7Sl U> oii^ 

e>^i^. :£ 6^ ^ ^^^^ ^^J^^l^ ^ol^fl 6<a>F <a-^^Sl^l-o^ 

# -n-:^^!^ 4^, ^^^^ ZL ^5fl>L>## HPLC^ ^^*> M-El-idl ^ 

olt^. :£ 6oflA|, Chi a Chi ^>^> chlorophyll a ^ chlorophyll b# 

M-t]-i^Jl, Chlide a^ chl orophyl 1 i de a# u|-E^-i:flTJ^ , Pheo a^ pheophobide a-l" 

<eo> 6ofl q-E^-y ^>ol , ^ ^^-^ofl tcI-^ B^^ ^ah^]^ o] (stay-green 

mutant)^ ^"^o] ^ (S]-^ ; Hwacheong-ff^v) Jii:^- 

<62> T^ol^fl^cHl^H ^^^^^ Si'^l^H a ^^^7} ^^^1 

LHCP II (light-harvesting chlorophyll a/^-binding protein 11)7]- o>^^^^ 
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iLS}# 41, ^^^^1 (chloroplast) °^ ^ e+^o] (thyl akoi d membrane) ofl 

-a^>S]D^ ?]"-n-*>^ LHCP I (light-harvesting chlorophyll a/^-binding 

protein I) ^ LHCP 11°] subunit t^+^J^^^^, 2^"^ Dl , psa A/B 

^ Al-ol:£35 ^^^^ Cyt ^^^1^ ^1^>^1 #^1-01 

^^>^>S^l^ 7) . 

^^3^^ LHCP I°l subunits (Lhcal , Lhca2, Lhca3 ^ Lhca4) 2f LHCP 11°] 

subunits (Lhcbl , Lhcb2 , Lhcb5 ^ Lhcb6) o] T]fl°- o>^ ^j-Tl] ^^fl?]-i:^-^ ^# ^ ^ Si 
Sil^. ^>T3, ?3--^*>^l n~ Dl, Cyt /)^F ^ psa k/BS} i^t^^-A^^ ^ ^> 

^ (WT)I4 □l-^>7l-^l^ ^5flE]jl SiSil^. ol ^^^^E-i SGR T^^-fl^^ iLS]-5Z}^o1lA-l 
LHCP 1^ LHCP 1 1-5] subunit ^sfl^l-^til ^^^^^ ^o1^>^ ^S.^ ^^'^ ^ 

<65> ^Ajt^l 6: :!5L5j^1el^ i^>*flAl^ ^ol^l SJ^ -^>*'>^^>^nl^ 

<66> ^Ai-^^>^Dl^^^ (TEM)# ^^^1^ T^ol^^l^ ::5iSi-^*3 s^oflAH ^^^11 

^ ^^^1-^1^ (:£ 8) . :£ ^^^1^ T^ol^^l^ ^^^^^ '^^] 

A]^m M-^^ ^ol^l, ^^^^s] 9^ M-E]-yi ^oli^. E 

^ ^^^1^ i^ol^ll^ ^ll^oll^H ^5flS]^l oj-o. ^^^:ilo^ ^e1-^ol:B^>^^, C^ 
i-ilS.^^^ ^tfltl ^o]!^. 
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<67> 8ofl M-E^-y B\s} y^o]^ i^ol^fl^ §^oiix-1:£ ^^^fl^ ^efl^ ^t>1bd:^l^>, ^ 

:^i^>ol ^SflSl^l ^1^-^ o^^ M-0> ol^ ^o. j^-,^ uyo\^ ^^^o] olol 

^^^>JZ LHCP I ^ LHCP II subunit i^^^^o] ^gfliE]^] o>^ ^iz} o] oi 

<e9> A>7l ^Ajo^l 3011^1 ^1-^^ ol-g-^>f^ s^r ^^ol-^^^l- 

<^^^]] RFLP B\^'^ RG662^ C985 M^]^ 3.9cMi^oll ^;^fl 

<70> SSR n]-^^ RFLP i]>^# ^l-§-?]- fine-mapping , sgr ^ol-^^^l"^ 0.6cM 

SSR nl-^o] RM363654 RM1553 Aj-ojofl ^^fl^j-^tq-. RM36365^- RM1553 n]-^ A>ol 
^ PAC (AP005314) BAG (AP005092) ^^^ll^H DNA ^ 7] >| ^ o] sfl^s] 

ol-i-^l-o^ oil^^^ ISOkbojc} (Rice Genome Research Program, Japan: 

http://rgp.dna.affrc.go.jp). o] ^ 7] ^ ^^>^ 137fl^ -^^^Pl" ^^fl^l" ^# 
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<V1> ^7] 150kb^ ^^l^H^ ^^>i^o11^H s^r ^o]°.^7.\3] ^ ^1 # ^ ^>ol-Lfl7l 

^*>o^, RGPollXl japonica%- 150kb NCBI BLASTofl^H indica% 

Tfl^ DNA SSR, CAPS ^ AFLPi)- PCR^ 7}^^^ 

polymorphic DNA n]-^ # ^o>i^f>l PCR# 

<72> 860711-2] -^^^l-^l:^ F2 711 ^fl DNAollA^ RM3636I?1- RM1553 T]>?1 -i- o1 -g- 

^><^ sgr^o\^7^7^^ SlJ-^1-^ 40711 °1 ^11^*]- 711^111- ^ele>JZ. o1 ^ 3l#^^^ 
27H°1 ^11 ^ta^ 7l1^flollAl, ^;^1^ AP005314O11 ^^fl^^l-^ AFLP (101 . 6kb) -2} 

CAPS(105.9kb) A>o1ol1 sgr ^o\^7^7^2\ ^^o\^-^7\ ^^11^>^ ^^Sjol 

1^. o1^ s^/- ^ol-^^^l-^ DNA^> i^ol 4.3kbi^ol1 ^ ^1 ^# M-^l-Lfl^ ^ 

oji^ (:£ 9) . 

<73> Sl-^ 4^B] oil Al #^^oH1 Hinll ^^^1^ ^ol^^l^ 

% Sl-^4i-Bl (japonica) , «o^23:i: (indi ca) , 3S]J1 ^ 7>-Xl ^^7^1^^^# F2 
7l1^^1°1 711^ DNAollAl ^o5i^ol7> ^c>|\+ <^1^^^ 4.3kb ^^1- PCR# 

#^>o] ##e>JZ ^7lAl^# ^ol^>^t1-. 

<74> a ^-^^1^ ^o1^^1#^ DNAol1>| S20246 EST (expressed sequence lag) °1 

exon2 vfl°1 G7> A^ ^1 fj-^l ^ ^ ^1 ^^^i^op} -g-i-^^^ ^#SlS^Jl, 0I ^ 

S20246 EST°1 ol-uli^^Al- Al^ollA-1 (^tg) 0I t]11 t1 o^y (atg) ^1 l]-5l ^ ^> 

-^^711 S1C+ (:£ 10). o1e^^> T^oHl i:l1nl1, ^ -^"^ o] ^ 7l AH ^ (G) ^ ol-^l iL-L> (^^^ ) 
# S20246 -^^^1-^ ^m i^Sl-Al ^^11 tfl ^Hl ^^l^l-o^ 
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<76> AH^Hjj: IS] ^}^]~ SGF ^^^\^ M"^"^^ 2°] o\Ti]}^^ 

^>^1^ 274711-21 o>Dli^-A]-o^^ 30,880 #S1^e1^o1;B§ SGR 

^^'s^ o]-d1 ^1^1^ (N- terminus) <>ll chl oropl ast-target ing signal peptide^ 
^>^1^. ^fl-^ ?>olLilol3 II ^^>S1- (CKII: putative casein kinase 

II phosphorylation site)^] THSD-Sf ^ ^fl-S] H^tflol ?>oluilol3 c olA>5]- ^.o^ 

(PKC: putative Protein kinase C phosphorylation site)^] SRR-Sf TAR) # 
11) - 

<77> *1-^, ^^1-^ B^ollAH oi-^:js1^ oio^ ^-T-, :£ 12011 M-^l-y- B\ 

S} y^o] ^ ^1^>^ #^>oll SGJ^ ^^^\^ S^oll^H ^^^^ 

e-benzylaminopurine (6-BA)^ ^^el^l-ol }^^^ <^7]\X\9^ ^ , ISofl M-E^-y y>5} 

<78> ol^-^tl, 56:^°-^^!-^ o\^77\7] ^l^^l^l g>SJ:ig ^^:i^5fl tfl Aj-IZf^ oil 

senescence-associated gene) ^# ^SLI'S" SiSJl^. 

<79> -^^^l-^l:^ ^^o]] X[^% ^1-SM?>^ ^^^1^ ^ol^fld ^11^), 

^°o^23J: (2 ellol) ^ ol^# iitiflSflAH Fi hybrid ^#^11(3 ^llo])^ Tll^ 

DNAl- Z?ral^^ ^1 ^. ^4^^ ^iGX* -^^^l"!- HSH^ ^^^^^^ 

M-^yi ^oli^. :£ 14011 M-El-id: y]-^ ^>ol . SGJ^ ^^^\^ B^o] 7ii^A>oilAl 1^}^ 
copy^ ^^flt]-# ^ ^ SiS^l^. 
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<80> sgr ^o\°^^7\^ XH^i^:^ a-ol^> ^ ^^o] , SGR ^^A^ 295 

4oflyH ^SLl^l" ^ Si^ ^o] , ^^1" SGR i^t^J^^^ 2747fl o>nl35^>y- 

99«i^fl oj-n] ^5^>y-ol i^eq (valine; ^tg) o] Tiflt] o^y (methionine ; atg)^^ ^1 o| Si 

<8l>^Alofl 9: SGR ^^A^ 

<82> i^^oll #S]Jg^El-ol^5]- ^>^1^ ^# NCBI Blast 

# #^1"*^ ^^^'I'al, oj-T^ljL^ ^"1 s *^ ^ (conserved amino acid sequence 

region)# ^A>-Ul iS^>S^i:+ 15). ZL :£ ISol] Uj-if ^Vo] , A^^t^JI 

2-2] oj-Dli^-A} ^ 51-207-2] oj-Dli^-A} (conserved amino acid 

sequence region) 2f 75% o] -A> ^l"^! ^ o>nliL^> A'^^ #S]^E]- 

olH7l- 3#^[ofl7l^>tfl-°] At4gll910-2} At4g22920 ^ i#e]- (popl ar) ^ 

S019E07 EST (GenBank Accession No: BU862745) ] ^^fl^l-^i:^-. ^>7l 3#^-°] #S]^E]- 

-n-^^>^ 1^1:5: 2°] o>T]1:l.a1- A-]^^ ^1-^1^ #S]^E]H^ ^fl-T- 

^-^ ^1-^1 Jl 3X^ SGR ^^A^ ^^ol ^^flcflAHl ^o^*>o] % 

<83> ol§ ^ol^Pl ofl7l^>tfl^ ol# «>7;^e]Al7i i^S]-!- -^:£t> 

At4g229202l- At4gll910 ^^^o]«-§ . ofl?l^l"tfl-Sl At4g229202l- 

At4gll910 ^^l-M^^^t] primerl- A^^^ ^% , oil- oj-g-^M. ofl7l^>i:fl 

(mature leaf)# ^^^S)^ 0(tfl^^), 1, 3, 6 ^ 9^^> ^^^1S]^>o] <^ ^ RNA# 
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RT-PCR^ #^^1-^1^. Zi ^ 16o\] M-Ety Ul-Yf ^>ol , o]^ -^^^>^ bL^^ 

^o]] o^efl ^J^*>^1 , ol^-^El At4g22905il- At4gll910 -^^^1"^, ^ 

<84> ojAVo^^ ^ i^VTg i^-g-^ ^^*> -^Ml^l 7l^^>^^ UK 

ojTj^^ oHi o^crfl ^^s] A^m^^ ^oi oi-y ^om. ^e+^H 

<85> S. i^>Tg^ iiSl-Al y-nfltflXHl ^O^^l-O^ ¥Sl-# -^i^>^>^ ^^J^" 

^ >y-7i -^^^m i^OlAl?]^ ^# ^^^^ i^Ol ^^^^i^i ^il 

^il^e>^ j:iz}7> «irt. 

<86> i^VTgoll ICl-Sl^. %Sl-7l- ^O^uh^ ^^Oll^l >y-7l SGJ? ^^7}^ ^OUI^ITIM-. 
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[^^%^ 1] 

Al^HjJ: 22] o>Dli^-A> ^ 51-207^ o\u]}^^ A]<^ (conserved 

amino acid sequence region) 75% o]^£] ^^^^ ^ oj-DliL^ 

ti}^ SGR . 
[^^%^ 2] 

^ 7°] o>Di:yA> y\A^ ^# ^^^^ ^^X"-^^^}. 

[^^%^ 3] 

[^^%^ 4] 
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5] 
6] 

^il5%>^ ^fl^tJ- ^E-i^ ^^^fl-^ njAj^ 
7] 

[^^%^ 8] 
9] 

^1l8%>o1l oio^xH, ^l^^l SGff ^^7.}^ M'^^^ 2°1 o>t]1:l.a]- # 51~207°1 
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[^^%^ 10] 

^ A^^i^i:!: 7S] o>ni:LAi- ^l^^l^ ^^S.^ 15 o] Ai 

[^^%> 11] 

[^^%> 12] 
[^^%> 13] 

>lll2%>o11 oiol^^_ ^H^^:^ 1^ SGF ^^7\o]]A\ 295^n\ ^ 7] «] Gl- ^]^^] 
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[^^%^ 14] 
[^^%> 15] 

^ill4%>ofl oio|^^ ^>^j SGF ^^^\^ M"^^^ 2°] o\u]}^^ § 51-207°] 

[^^%^ 16] 

^ili5%>ofl oio|^^^ Av^j ^^sgj^o];^^ 2. ah^t^:^ 5, AH^Hj:^ 6 

^ A^^i^i:!: 7s] o>ni:LAi- ^l^^l^ -^^^^ ^^^1^^ ^ol ^ 

17] 
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[^^%> 18] 

^Sl-7> ^o^i^^ ^§o1lAH SGF ^^^>^ ^^S]-Al7l^ ^# 

^^^^ ^^^7]^^ ^O] ^^n]^ ^il^^J-^. 

[^^%^ 19] 

^ill8%>ofl oio|^^ ^>^j o-^^l-^ ol-nli5^A> § 51-207°] 
[^^%> 20] 

^ A^^i^i:!: 7s] o>ni:LAi- ^l^^l^ -^^^^ ^^^1^^ ^ol ^ 
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A- H wacheon gbyeo 
o- H wacheon g-ivx 
— Stay-green mutant 
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9] 



2.0 
3.0 

2A 

1.8 

2.i 



5.5 



— RM:160 
— : RGS70 

— ^ CI 263 

— RG662 

C9SS, 



10] 

AH)05314 
i 



■14. 



RMia9 



■ Sag-.ctggclg 



0-,3 



•0.3 



RG662 

E40S5, 
RM3a08 

621134. 
.RM3e36 



< 



150 kb 



E 10960 ^ 
Ci2220 ▼ 



■1.5 



G4S2. 



■I 71 ctggc 




AP0053i4 239 
I 



AP005314 
I 




I 

(iiitlka) 



2BQ ctsgcLg 
1B0 ctggcbg 



gt cgcacaccat.caacc3ggcg!cagi:tgcagg'gg'iggt 34B 
gt cgcacaccatcaaccpggGgGagGtgcasgge-tjggtacaacaasiGtgcasi 239 
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11] 

ch 1 Q r CP la 3 1 - ta r ge t ing P K C 

signal peptide 

51 LFGPaiFE&SKLKVLFLGVDEEKHQHPGKLPRTYTL irHSDVtflBL TILaVS 100 

CKII PEC M 



^ijiis sense mtitation) 



101 HTHTRAQLQGHIYNKLQEDEVVAEHKKVQGHMSLHVHCHISGGHVLLDLIA 150 



151 GLRYYIFRKELPVVLKAFVHGDGHLFSRHPELEEAOTVWVYFHSHLPRFITR 2 00 



201 VECHGPLRDAGAPPEEDDAVAAAAAEEAAAEQMPAAGEifPRRCPGQCDCC 250 



251 FPPYSLIP19PHQHDVAAALGQEQQ 274 

12] 



Darkness (days) 




TSJoi^tlxem 
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13] 



2-d dark treatment 



control H2O2 6-BA ethephon 
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15] 

3lT4ff22 92 0 



5 1 LB>&P3L[ E7E JkSta-KVi:^l.GVI?E;EKH □ HP &KLP ItT^TU THSDV THfCTL ffiVSHTrHRjk QX^Q & 11 0 

5 1 Ij^'&PljUlFilSSKlJrraFL - P SjLPltT^OTjTriSlJXTMa;^ 10 8 

4? LF&PSXETEASia^KVlf liGrW£KKH--P&nLPRTl^^ 102 
*-h**^-lk-h-lk^-A^-lk ****** * *********** + **+****+** +** +**** 



aT4g^ll910 
Poplar 
T djeiit Ic. al 

Si STficLS. -ilJC ■ 



11 1 TTYHKL Q EtPEW METHKKVQOHM SIhH™c1^1S(;GW7UL.1>IJ:31GI^^ MTW 17 O 

109 TTiOfllSLyPBirWTkErBaiaCVK^^ FPM^TF CKEtPVVLKJiFVH 160 

10 5 if AHiKt FRDEW G^I\a<KyKC:9<M SX4iyM0iI?SGG*^ JOOLilGOrl F CI?Et JVViUS& WiH 164 

103 IT SHML TfTroEVV- JkE\ai«farKG5ai Sl^^ C C RUeWlF T rilKE3L PVVLJC B*" 162 

* *+* *****+*****+* ************* +*+* + +** ** *******+** * 



S:T4^22S2 0 
3lT4ffll910 
Poplar 
Intent IcslL 



171 GSjGaiL F S RHPE 1.™ aXVWVYFHSHL, PHETHMVECin^PLRp AG AP PE E D D AVA AAAAE E AAA 2 3 0 

16 9 GBGaiE^ L liNVPEl.aE] ALVlJ^ryl'MS^^ 3 PjD &HICrETL PE A 22 2 

16 5; EDrE YLi L IJilHPE LQE S P VWV^HSMI P EIYHKVECTOPLTJE AH 3 QH □ HD &RXHKK3 ET L PE L 224 
16 3 GD GSUj F S S YPE LOfl iki^Vl^^r^^f5MT P S G GA PE HKE Q ATTD 2 22 



AT4^22 92 0 
AT4911910 

16] 



231 E □HPAA&EWPEJt^]PGQqDeCFPPYSLrPlr™ PQQ 2 74 

ZZ3- -. — : -itC ADEC SCOF PTVS S IPWSKS L SHE GW&Y S GTQTE G-lATPifPEKL: 2 6 S 

ZZ5 PGPI>ECKCCI^PTVSTIP115MREIYQIiTAAPEiaVAP&LLEIPHP&^^ 271 

-j- + + * ' *** * -t- '^* *** -t-* 




Dark Treatment(days) 
0 1 3 @ 9 




At4g 1 1 91 0 
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<110> Seoul National University Industry Foundation <120> A Novel Stay Green Gene <130> 

P04-028 <160> 7 <170> Kopatentin 1.71 <210> 1 <211> 825 <212> DNA <213> Oryza 

sativa <400> 1 atggctgctg ctacttcgac catgtccctg cttcctccca tcacccagca gcagcggtgg 60 

cacgccgccg actccctcgt cgtcctcgcc tcccgctgcc acaactctcg ccgccgccgc 120 cgctgccgct 

acgtcgtgcc gagggcgagg ctgttcgggc cggcgatctt cgaggcgtcg 180 aagctgaagg tgctgttcct 

gggggtggac gaggagaagc accagcaccc ggggaagctg 240 ccgcggacgt acacgctgac gcacagcgac 

gtgacggcga ggctgacgct ggcggtgtcg 300 cacaccatca accgggcgca gctgcagggg tggtacaaca 

agctgcagcg ggacgaggtg 360 gtggcggagt ggaagaaggt gcagggccac atgtcgctgc acgtccactg 

ccacatctcc 420 ggcggccacg tcctcctcga cctcatcgcc ggcctccgct actacatctt ccgcaaggag 

480 ctccccgtgg ttctgaaggc gttcgtccac ggcgacggca acctgttcag ccggcacccg 540 gagctggagg 

aggccacggt gtgggtctac ttccactcca acctcccacg cttcaaccgc 600 gtcgagtgct ggggcccgct 

ccgcgacgcc ggagcgccgc ccgaggaaga cgacgccgtc 660 gccgccgcgg cggccgagga ggcggcggcg 

gagcagatgc ccgcggccgg cgagtggccg 720 cggcggtgcc cggggcagtg cgactgctgc ttcccgccat 

acagcctcat cccctggccg 780 caccagcacg acgtcgccgc cgccgacggc cagccgcagc agtga 

825 <210> 2 <211> 274 <212> PRT <213> Oryza sativa <400> 2 Met Ala Ala Ala Thr 

Ser Thr Met Ser Leu Leu Pro Pro He Thr Gin 1 5 10 

15 Gin Gin Arg Trp His Ala Ala Asp Ser Leu Val Val Leu Ala Ser Arg 20 

25 30 Cys His Asn Ser Arg Arg Arg Arg Arg Cys Arg Tyr Val Val Pro Arg 

35 40 45 Ala Arg Leu Phe Gly Pro Ala He Phe Glu Ala Ser Lys 

Leu Lys Val 50 55 60 Leu Phe Leu Gly Val Asp Glu Glu Lys 

His Gin His Pro Gly Lys Leu 65 70 75 80 Pro 

Arg Thr Tyr Thr Leu Thr His Ser Asp Val Thr Ala Arg Leu Thr 85 

90 95 Leu Ala Val Ser His Thr He Asn Arg Ala Gin Leu Gin Gly Trp Tyr 

100 105 110 Asn Lys Leu Gin Arg Asp Glu Val Val Ala Glu Trp Lys 
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Lys Val Gin 115 120 125 Gly His Met Ser Leu His Val His 

Cys His He Ser Gly Gly His Val 130 135 140 Leu Leu Asp Leu 

He Ala Gly Leu Arg Tyr Tyr He Phe Arg Lys Glu 145 150 155 

160 Leu Pro Val Val Leu Lys Ala Phe Val His Gly Asp Gly Asn Leu Phe 165 
170 175 Ser Arg His Pro Glu Leu Glu Glu Ala Thr Val Trp Val Tyr Phe His 

180 185 190 Ser Asn Leu Pro Arg Phe Asn Arg Val Glu Cys Trp Gly 

Pro Leu Arg 195 200 205 Asp Ala Gly Ala Pro Pro Glu Glu 

Asp Asp Ala Val Ala Ala Ala Ala 210 215 220 Ala Glu Glu Ala 

Ala Ala Glu Gin Met Pro Ala Ala Gly Glu Trp Pro 225 230 235 

240 Arg Arg Cys Pro Gly Gin Cys Asp Cys Cys Phe Pro Pro Tyr Ser Leu 245 
250 255 He Pro Trp Pro His Gin His Asp Val Ala Ala Ala Asp Gly Gin Pro 

260 265 270 Gin Gin <210> 3 <211> 825 <212> DNA <213> 

Oryza sativa <400> 3 atggctgctg ctacttcgac catgtccctg cttcctccca tcacccagca gcagcggtgg 
60 cacgccgccg actccctcgt cgtcctcgcc tcccgctgcc acaactctcg ccgccgccgc 120 cgctgccgct 

acgtcgtgcc gagggcgagg ctgttcgggc cggcgatctt cgaggcgtcg 180 aagctgaagg tgctgttcct 

gggggtggac gaggagaagc accagcaccc ggggaagctg 240 ccgcggacgt acacgctgac gcacagcgac 

gtgacggcga ggctgacgct ggcgatgtcg 300 cacaccatca accgggcgca gctgcagggg tggtacaaca 

agctgcagcg ggacgaggtg 360 gtggcggagt ggaagaaggt gcagggccac atgtcgctgc acgtccactg 

ccacatctcc 420 ggcggccacg tcctcctcga cctcatcgcc ggcctccgct actacatctt ccgcaaggag 

480 ctccccgtgg ttctgaaggc gttcgtccac ggcgacggca acctgttcag ccggcacccg 540 gagctggagg 

aggccacggt gtgggtctac ttccactcca acctcccacg cttcaaccgc 600 gtcgagtgct ggggcccgct 

ccgcgacgcc ggagcgccgc ccgaggaaga cgacgccgtc 660 gccgccgcgg cggccgagga ggcggcggcg 

gagcagatgc ccgcggccgg cgagtggccg 720 cggcggtgcc cggggcagtg cgactgctgc ttcccgccat 

acagcctcat cccctggccg 780 caccagcacg acgtcgccgc cgccgacggc cagccgcagc agtga 

825 <210> 4 <211> 274 <212> PRT <213> Oryza sativa <400> 4 Met Ala Ala Ala Thr 

48-44 



Ser Thr Met Ser Leu Leu Pro Pro He Thr Gin 1 5 10 

15 Gin Gin Arg Trp His Ala Ala Asp Ser Leu Val Val Leu Ala Ser Arg 20 

25 30 Cys His Asn Ser Arg Arg Arg Arg Arg Cys Arg Tyr Val Val Pro Arg 

35 40 45 Ala Arg Leu Phe Gly Pro Ala He Phe Glu Ala Ser Lys 

Leu Lys Val 50 55 60 Leu Phe Leu Gly Val Asp Glu Glu Lys 

His Gin His Pro Gly Lys Leu 65 70 75 80 Pro 

Arg Thr Tyr Thr Leu Thr His Ser Asp Val Thr Ala Arg Leu Thr 85 

90 95 Leu Ala Met Ser His Thr He Asn Arg Ala Gin Leu Gin Gly Trp Tyr 

100 105 110 Asn Lys Leu Gin Arg Asp Glu Val Val Ala Glu Trp Lys 

Lys Val Gin 115 120 125 Gly His Met Ser Leu His Val His 

Cys His He Ser Gly Gly His Val 130 135 140 Leu Leu Asp Leu 

He Ala Gly Leu Arg Tyr Tyr He Phe Arg Lys Glu 145 150 155 

160 Leu Pro Val Val Leu Lys Ala Phe Val His Gly Asp Gly Asn Leu Phe 165 

170 175 Ser Arg His Pro Glu Leu Glu Glu Ala Thr Val Trp Val Tyr Phe His 

180 185 190 Ser Asn Leu Pro Arg Phe Asn Arg Val Glu Cys Trp Gly 

Pro Leu Arg 195 200 205 Asp Ala Gly Ala Pro Pro Glu Glu 

Asp Asp Ala Val Ala Ala Ala Ala 210 215 220 Ala Glu Glu Ala 

Ala Ala Glu Gin Met Pro Ala Ala Gly Glu Trp Pro 225 230 235 

240 Arg Arg Cys Pro Gly Gin Cys Asp Cys Cys Phe Pro Pro Tyr Ser Leu 245 

250 255 He Pro Trp Pro His Gin His Asp Val Ala Ala Ala Asp Gly Gin Pro 

260 265 270 Gin Gin <210> 5 <211> 268 <212> PRT <213> 

Arabidopsis sp. <400> 5 Met Cys Ser Leu Ser Ala He Met Leu Leu Pro Thr Lys Leu Lys Pro 1 

5 10 15 Ala Tyr Ser Asp Lys Arg Ser Asn Ser Ser Ser Ser Ser 

Ser Leu Phe 20 25 30 Phe Asn Asn Arg Arg Ser Lys 

Lys Lys Asn Gin Ser He Val Pro Val 35 40 45 Ala Arg 
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Leu Phe Gly Pro Ala He Phe Glu Ser Ser Lys Leu Lys Val 50 55 

60 Leu Phe Leu Gly Val Asp Glu Lys Lys His Pro Ser Thr Leu Pro Arg 65 70 

75 80 Thr Tyr Thr Leu Thr His Ser Asp He Thr Ala Lys Leu Thr Leu Ala 

85 90 95 He Ser Gin Ser He Asn Asn Ser Gin Leu Gin Gly Trp 

Ala Asn Arg 100 105 110 Leu Tyr Arg Asp Glu Val Val 

Ala Glu Trp Lys Lys Val Lys Gly Lys 115 120 125 Met Ser 

Leu His Val His Cys His He Ser Gly Gly His Phe Leu Leu 130 135 

140 Asp Leu Phe Ala Lys Phe Arg Tyr Phe He Phe Cys Lys Glu Leu Pro 145 150 

155 160 Val Val Leu Lys Ala Phe Val His Gly Asp Gly Asn Leu Leu Asn Asn 

165 170 175 Tyr Pro Glu Leu Gin Glu Ala Leu Val Trp Val Tyr Phe 

His Ser Asn 180 185 190 Val Asn Glu Phe Asn Lys Val 

Glu Cys Trp Gly Pro Leu Trp Glu Ala 195 200 205 Val Ser 

Pro Asp Gly His Lys Thr Glu Thr Leu Pro Glu Ala Arg Cys 210 215 

220 Ala Asp Glu Cys Ser Cys Cys Phe Pro Thr Val Ser Ser He Pro Trp 225 230 

235 240 Ser His Ser Leu Ser Asn Glu Gly Val Asn Gly Tyr Ser Gly Thr Gin 

245 250 255 Thr Glu Gly He Ala Thr Pro Asn Pro Glu Lys Leu 

260 265 <210> 6 <211> 271 <212> PRT <213> Arabidopsis 

sp. <400> 6 Met Cys Ser Leu Ala Thr Asn Leu Leu Leu Pro Ser Lys Met Lys Pro 1 

5 10 15 Val Phe Pro Glu Lys Leu Ser Thr Ser Ser Leu Cys Val 

Thr Thr Arg 20 25 30 Arg Ser Lys Met Lys Asn Arg 

Ser He Val Pro Val Ala Arg Leu Phe 35 40 45 Gly Pro 

Ala He Phe Glu Ala Ser Lys Leu Lys Val Leu Phe Leu Gly 50 55 

60 Val Asp Glu Lys Lys His Pro Ala Lys Leu Pro Arg Thr Tyr Thr Leu 65 70 

75 80 Thr His Ser Asp He Thr Ala Lys Leu Thr Leu Ala He Ser Gin Ser 

85 90 95 He Asn Asn Ser Gin Leu Gin Gly Trp Ala Asn Lys Leu 
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Phe Arg Asp 100 105 110 Glu Val Val Gly Glu Trp Lys 

Lys Val Lys Gly Lys Met Ser Leu His 115 120 125 Val His 

Cys His He Ser Gly Gly His Phe Phe Leu Asn Leu He Ala 130 135 

140 Lys Leu Arg Tyr Tyr He Phe Cys Lys Glu Leu Pro Val Val Leu Glu 145 150 

155 160 Ala Phe Ala His Gly Asp Glu Tyr Leu Leu Asn Asn His Pro Glu Leu 

165 170 175 Gin Glu Ser Pro Val Trp Val Tyr Phe His Ser Asn He 

Pro Glu Tyr 180 185 190 Asn Lys Val Glu Cys Trp Gly 

Pro Leu Trp Glu Ala Met Ser Gin His 195 200 205 Gin His 

Asp Gly Arg Thr His Lys Lys Ser Glu Thr Leu Pro Glu Leu 210 215 

220 Pro Cys Pro Asp Glu Cys Lys Cys Cys Phe Pro Thr Val Ser Thr He 225 230 

235 240 Pro Trp Ser His Arg His Tyr Gin His Thr Ala Ala Asp Glu Asn Val 

245 250 255 Ala Asp Gly Leu Leu Glu He Pro Asn Pro Gly Lys Ser 

Lys Gly 260 265 270 <210> 7 <211> 223 <212> 

PRT <213> poplar trees <400> 7 Met Gly Ser Leu Ala He Ala Pro Phe Leu Pro Ser Lys Leu 

Arg Pro 15 10 15 Ser He Leu Asp Gin Asn Ser 

Ser Leu Phe Pro Ser Lys Lys Lys Leu 20 25 30 Lys 

Arg Lys Asn Gin Ser He Ser Pro Val Ala Arg Leu Phe Gly Pro 35 40 

45 Ser He Phe Glu Ala Ser Lys Leu Lys Val Leu Phe Leu Gly Val Asp 50 55 

60 Glu Lys Lys His Pro Gly Asn Leu Pro Arg Thr Tyr Thr Leu Thr His 65 70 

75 80 Ser Asp He Thr Ala Lys Leu Thr Leu Ala He Ser Gin Thr He Asn 

85 90 95 Asn Ser Gin Leu Gin Gly Trp Ser Asn Lys Leu Tyr Arg 

Asp Glu Val 100 105 110 Val Ala Glu Trp Lys Lys Val 

Lys Gly Lys Met Ser Leu His Val His 115 120 125 Cys His 

He Ser Gly Gly His Phe Leu Leu Asp Leu Cys Cys Arg Leu 130 135 

140 Arg Tyr Phe He Phe Arg Lys Glu Leu Pro Val Val Leu Lys Ala Phe 145 150 
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155 160 Phe His Gly Asp Gly Asn Leu Phe Ser Ser Tyr Pro Glu Leu Gin Glu 

165 170 175 Ala Leu Val Trp Val Tyr Phe His Ser Asn He Pro Glu 

Phe Asn Lys 180 185 190 Val Glu Cys Trp Gly Pro Leu 

Lys His Ala Ala Ala Pro Tyr Thr Ala 195 200 205 Ala Ser 

Gly Gly Ala Pro Glu Asn Lys Glu Gin Ala Thr Asp Trp 210 215 

220 
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